The agglutination of erythrocytes from various animal species by Escherichia coli was studied. The 405 strains of E. coli were isolated from urine in patients with urinary tract infections, from blood in septicemic patients, or from feces in persons without intestinal or urinary disorders. In urinary tract infections, Dmannose-resistant agglutination (MRHA) of human erythrocytes was the most common finding (23% of the strains). The highest frequency of mannose-sensitive hemagglutination (MSHA) attributed to type I (common type) pili occurred with guinea pig erythrocytes (11.5%). Of the 78 E. coli strains isolated from blood cultures, 11 (14%) produced MRHA of human erythrocytes and only one gave MSHA. In the stool cultures, only 1 of 170 E. coli strains was MSHA reacting, whereas 28 strains (16.5%) showed MRHA of human erythrocytes. No MRHA strain reacted with antiserum against colonization factor antigen (CFA)/I of pilus nature in enterotoxigenic human E. coli strains (078:H12). MRHA of bovine erythrocytes, reputedly typical of enterotoxigenic E. coli of serogroups 06 and 08, was shown by only two strains, neither of which agglutinated with CFA/II antiserum. The most common hemagglutinating pattern of E. coli from urine and blood thus was MRHA for human erythrocytes. This agglutination may have been caused by pili or other surface properties of one or more serotypes. These may represent a new class of colonization-promoting antigens (adhesins).
ulence of Escherichia coli in the urinary tract. Later studies confirmed a high incidence of hemolytic E. coli strains in urine from patients with urinary tract infections. Recently, Minshew et al. (14) found that 49% of E. coli strains from such sources were hemolytic, but only a very few in stool cultures from controls were. These writers also reported a relationship between production of colicin V and virulence for chicken embryos. They extended a preliminary study by Powell and Finkelstein (19) , who had found a relationship between agglutination (HA) of chick erythrocytes and virulence in experimental infections.
High correlation has been observed between HA of erythrocytes from different species caused by pili and production of enterotoxin by porcine, bovine, and human strains of E. coli (24) . Colonization-promoting antigens with hemagglutinating properties of pilus nature have been characterized in human, porcine, and bovine strains of enterotoxigenic E. coli (7-10, 13, 15, 23) . More recent studies demonstrated colonization factor antigen (CFA)/I and CFA/II in human enterotoxigenic strains of the 06, 08, and 078 serogroups (nomenclature of Evans and Evans [7] and Smyth et al. [23] ).
Morphologically, all these antigens were shown to be of pilus or pilus-filament type and to agglutinate erythrocytes in a mannose-resistant fashion (MRHA). Type I (common type) pilus, on the other hand, and a recently described surface antigen (6) cause HA which is inhibited by mannose (MSHA). These latter factors may also be important for the colonization of eucaryotic cells (6, 16, 20, 26 The recent reports (7, 8) that human enterotoxigenic strains of E. coli cause MRHA preferentially of human erythrocytes (serogroup 078 with CFA/I colonization factor) or bovine and human erythrocytes (serogroups 06 and 08 with CFA/II) encouraged us to investigate the incidence of these colonization factors in various infections when CFA antisera became available (23) . It seems remarkable that, although numerous E. coli strains showing MRHA reactions were isolated from all three sources, not a single strain agglutinated with the CFA/I and CFA/II antisera. From studies on a small number of CFA/I and CFA/II strains (7, 8, 23) , the suggestion was advanced that these pilus antigens are controlled by plasmid genes in a fashion similar to the regulation of K88 and K99 in enterotoxigenic E. coli strains of porcine and bovine origin. To our knowledge, however, no systemic study on the epidemiology of these CFA antigens in strains of various origins has yet been reported.
Recent observations on the complexity of various antigenic types of pili in Neisseria gonorrhoeae, with differing degrees of immunological cross-reaction (1) , indicate that the picture may be fairly complicated also with coliform organisms. Although the pili of coliforms have been closely studied, little attempt has been made to classify them as in a serotyping scheme. E. coli strains from the urinary tract were observed by Duguid and Campbell (4) in early studies to cause MRHA of human erythrocytes. But it was only recently that a survey of 142 E. coli strains from extraintestinal infections confirmed a high incidence of this type of HA reaction (14) .
Ample evidence supports the hypothesis that K88, K99, and CFA/I, all of which give MRHA reactions, are important factors in the colonization of the small intestine as the first stage of enterotoxigenic E. coli diarrhea in animals and humans (7, 8, 13) . Recent observations in our laboratories also suggest that a variety of pili and pilus-like structures, such as K88 and K99, reduce the surface charge and enhance the hydrophobic surface properties of these strains (22, VOL. 10, 1979 on December 21, 2017 by guest http://jcm.asm.org/ Downloaded from 27). These physicochemical phenomena promote the aggregation of bacterial cells, and in all probability also that of bacteria, with epithelial cell surfaces (22, 27) .
Studies on urinary tract isolates of MSHAproducing E. coli (16, 20, 26) have shown that type I pilus probably is an important colonization factor (adhesins) in infections of the urinary tract. In our investigation the high incidence of MRHA reactions by E. coli from the urinary tract seems likewise to indicate their colonizing significance, possibly also on other mucosal surfaces. Preliminary studies on one strain of this type (G. Kallenius and R. Mollby, submitted for publication) showed good adherence to periurethral cells. The incidence of MRHA reactions by E. coli from feces was higher in our study than in earlier reports (3) (4) (5) . The possibility of feces as a reservoir of such strains seems worthy of note.
One may be tempted to speculate that the number of hemagglutinating E. coli strains in blood from septicemic patients reflects the ability of these strains to colonize the urinary tract or other mucosal surfaces, such as the respiratory tract or the intestine. In further studies we hope to elucidate the specificity of hemagglutinating strains of the groups listed in Table 1 to adhere to human epithelial cells from various sites. Encouragement for further studies on additional virulence factors, including cytotoxic (hemolytic) properties in this collection of strains, is provided by the recent observation of high virulence for chicken embryos and colicin V in human (14) and calf (21) strains. Recently developed pili vaccines with high prophylactic efficacy against porcine and calf diarrhea, and probably also against enterotoxigenic E. coli diarrhea in humans (15) , will undoubtedly also prompt further epidemiological studies on the frequency of HA and other virulence factors in E. coli from intestinal and extraintestinal infections in humans and animals.
However, the possible role of other bacterial surface components, such as capsule carbohydrate polymers or proteins, as colonizing factors in the first stage of an infection, also requires additional study in view of the recent findings on special enteropathogenic strains of E. coli (18) and Bacteroides fragilis (17) .
